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| The exveriments and tests to be dealt with in this 
So oe 

x] thesis were made on a Westinghouse engine (No. 4041) and a | 
ult direct connected dynamo (50429), both mounted on a common | 


oe 


ia 


-|| about 10 hours a day for 4 years and has given good service 


The engine is the regulation Standard Westinghouse 


| 
With little expvense for repairs. 
3 
3 


tpwith two cylinders, single acting, cranks 180° apart. 


,| I$ has a stroke of 7” and the diameter of the cvlinder is 


Si] 
| 9-4/2", The connecting rod is connected directly to the 


| piston. The centre of the shaft is set 1 3/4” over from 


| centre of cylinders. The cranks and governors are encased 


| and revolve in a mixture of oil and water. 
Se The generator is a four-vole Nestinghouse tyne, 


y6 K. W., 125 volts. The generator is connected to the 


y 


‘endine shaft by a flexible svring coupling. The machine 
is over conpounded and is rated to run-at 375 Rk. PS M., but 
never goes that high, as only 110 volts are maintained at 
‘the terminals. The frame is cast around the cores of the 
field magnets. These cores are built uv from wrought iron 


stampings, laminated to avoid eddy lasses. The shunt and 


|| Sepies windings are held in place by means of gun metal 


plates. There is a slotted drum armature, with four con- 


| Meestate 3° 2 1/2" x 6 9 :1/2". This set has been in use 
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each set 90° from the other. The shunt coil -is connected 


|| through a hand regulator to the positive terminal of the 
fhe motion for the indicators was taken from the 


he top of the cylinders, there was a considerable dis- 


mee to run the cords that connected with the shaft and 


‘A frame was constructed about the end of the shaft; 


these cross-heads were attached links to 
in on a collar on the shaft. When the shaft revolved 
these cross-heads went up and down and to them could be at- 


ed cords from which the indicators could be moved. One 


the links were attached was 1 3/4” from the centre of 


haft; so the motion given to the indicator drums was 


ma of the shaft and, as the indicator cocks had to be put| 


was below and the other above the shaft. The pin to] 


Sindicator. drums. The motion was transferred as follows: 


i ae 
||Suides and the indicators was very great, considering the 


jhigh speed at which the engine ran: the distance amounted 
alike nature have been run on this engine, and in both of 


jcoras, stretching of cords and general instability and lack 


‘of firmness in the framing and connections. In fact, this 


| whipping was so bad in one of the previous tests that the 


[results obtained were quite worthless. Last vear the gen- 


jeords: through straight lengths of glass tubing: the cords 


ay the first thesis mentioned the cards varied from 3.86” to 


[4-2 


e. ‘With the glass tubing mentioned the cards varied 


fron 3: Si” +o 3:78". ki Large part of the time spent by me 
as used, in ‘finding a way ‘to reduce the Length of the cards. 
jae over-Length had ‘been ‘attributed to many ‘cau ‘-nameky: 


whipping, drum spring snehtieiaaes and ‘instability. The 


string used was chained to be non-stretchable, so Little at- 


|tlemen conducting the tests hit upon the idea of running the} 


As I have mentioned before, the distance between the! 


to about 6 feet. In the past two years two other thesis of| 


[ames there has been considerable trouble due to whivping of| 
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tention was paid to the fact that there might be stretchins.| 
|By the aid of two superimposed lines, one taken at slow and 
|the other at maximum speed, es found that the line lengthen-| 
|ed on both sides. This showed conclusively that there was 
| stretch in the string - other string was tried without suc- 
| dais . Then a loss of about 1/32 of an inch was found in 

\host motion in the pulley at the turn, and a method for pre 
| edying this had to be considered. It was proposed taking 
\two lengths of cord and fastening them to 2 large Light ore 
| Sor thus: This was given up because 

| the sector might have lost motion due 


| to its bear- ing (a) not fitting. : A 


|glass rod, over which the cord might 


| ©) 
|| sliv, was — suggested: this brought up 


ee 


the idea of using a dlass bend in which the cord could run. 

| This was tried, the bend joining to the straight lengths. 
ae We still had the stretch in the string to deal with. 
We discarded string altogether and used a fine brand of pi- | 
ano wire. The friction was so great between the glass and 
the wire that we almost gave up in despair, when the idea of 
lubricating with oil bis thought of. This worked splendid 


| ly. There was only one trouble from now on, if there wag 


| a constant bending and straightening of the wire it -was ti- | 
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able to snap in the course of an hour or two. Many thanks 
jare due to Mr. A. William Schram for his suggestions and 


|kind assistance in remedying these defects. 

| cators (Nos. 7051, 7052) with a 50¥ spring in each. 
|\the parts of the sight-feed lubricator which is attached to 

| the main steam pive. The steam consumption was determined | 


| by running the exhaust steam through a surface condenser 


standing near the engine and to which there was a pass from 
| steam ver hour worked very badly, so it would hardly 
| practicable to work it at its rated capacity. 


| steam supplied to the engine in order to find what percent- | 


placed on the supply steam pipe just above the throttle 


tee in the main vive to which the calorimeter could be at~ | 


The indicators used were two Crosby High-speed Indi- 


Steam pressures were taken by a OSrosby Steam Gange 


(No. 189438) which was placed on 2 siphon attached to one of 


the engine: this condenser was rated at 1000 lbs. per hour. 


This condenser when working at 500 lbs. and 600 Lbs. of 


cy 
a3) 


It was necessary to determine the quality of the 


age of the condensed steam was chargeable to the engine. | 


This quality was determined by means of 2° Barrus colorimeter 


valve of the engine. ‘In making the connection for this | 


calorimeter quite some difficulty was found. There was a 


eee 


tached: I threaded a piece of vive for about 3” of its 

of the pine was tapped and plugged. the other end was then 
| pipe well into the main pipe I obtained an effective steam 
| trouble was it weakened, and leaked after being nut in vlacd 


Five of these drums had to be made before a perfect one was 


plate through which the steam passed. fhe whole avvaratus 


| Was well lagged with hair felt. The two thermometers used | 


with this calorimeter were alternated in position, to elin- 


inate errors due to the thermometers themselves. 


speed indicator held on the shaft. The electrical outout | 
‘of the machine was determined by placing an ammeter (#159) 

in the main circuit and a voltmeter (#24) across the termi- | 
nals of the machine. An ammeter (#26) was also put in 


‘the shunt field to find the loss due to the ©? R loss in thq 


Length: in this length were drilled holes and the one end 
threaded and a valve put on it. Now, by screwing this 


drum that would insure a good quality of steam. The only 


Obtained. To the other end of the valve was then attached 


the calorimeter, consisting of two thermometer wells and a 


The speed of the engine was obtained by means of a 


field: | 
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was obtained, 
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by 


read as 
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rds, but as no assistance was 


elapsed between reading the 


_ hich only lasted 40 minutes, 
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th general results 
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|and no further tests were deemed necessary. | 


ge The water was weighed in a tank, on a Fairbanks’ 


scale, readings being taken every ten minutes so that the 


values could be checked. Before the time to read the 


weight, - say one minute before,- the water was allowed to 


flow fron the condenser into a bucket; then, at the exact 


[instant that the ten minutes interval had arrived, the water 
jas allowed to flow into another bucket, while the water in 
(the: first bucket was poured into the tank and the weight of 


| the water and tank taken. Then the water in the second 


| bucket was put in the tank and weighed in with the next ten 


| minutes’ weight. 
: All instruments used were carefully calibrated. 
| th gauge by which the upper DN ccaknse for the calorimeter 
, Be enined and which was also used to calibrate t in- 

| 


dicator springs was itself calibrated by means of a Crosby 


~ 


/gange tester. 4 reading was taken on the gauge for every 


five vounds ‘on the tester ascending and every five pounds 


~ 


descending from 0 to 110 pounds. The mean of the two read- 


[die eas taken, and with. this: value. as:an abscissa and the 
test value as an ordinate a curve was. drawn. from which true 


values of vressure could. be obtained. The springs were 


calibrated by placing the indicator on a manifold to which 


ern orn eee ee ee _ — ee 


| steam could be admitted and controlled. To this manifold 
|was also attached gauge ¥189438, steam was slowly admitted 


and, as the pressure rose as indicated on the gauge, Jines 


ade 40 pounds for ascending values and every 10 pvounds for 
descending values. Two ecards for each value were taken, 
making eight cards in all. The ordinates were then meas- 
ured and the true difference in pressure corresponding ta- 
ken from the calibration curve of the gauge. Say ordi- 

: “uw 


a S ~~ « : * os 4 * ™ @ 
nates = =*- 2nd difference in pressure = p¥, the 1” ordi- 
a 100 


different places and take an average of them all. 


The voltmeter was broken before it could be calibray 


ted, so the values had to be assumed correct. The ammet- 


ers were calibrated by means of the hecto ampere balance 

om : ar : age Fy co ae 
of bord Kelvin. Calibration of ammeter 159 was obtained 
from Messrs. Martindale and Williams, and of the low-read- 


| Eng Woltmeters fron. Vr..8..B. Moore. 


To get the resistance of the armature and series 


field a fall of votential method was used. In this exveri 


ment the voltmeter that I had intended using was broken and 


corresponding to the gauge pressure. Lines were-drawn ev-| 


nate = ¥. Thus we get the scale of the spring for several 
es : 


| were traced on a card that was on the drum of the indicator | 


another low-reading voltmeter had to be used. This one 
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|was obtained by means of a whetstone bridge method and was 
\found to be 70.85 ohms. I wished to read to about 2.5 
|vyolts, so a resistance of 212” was put in series with it. 
|| This brought the voltmeter readings high enough, Then the 
| shunt field coils on the dynamo were disconnected: an ani- 
jmeter (#159) and a resistance were put in series with the 
“armature and series field and thén the switch on the panel 
‘board was thrown onto the lower bars and a current taken 
from the other dynamos. Then the voltmeter was put across 
first the ammeter and carbon brushes together and then the 
series field and the notential noted. Then, knowing the 

| current 0 and the fall of potential HE, we get the resist- 


| ance mF fhe connections were as given below:- 


Series GCeoels 
PassTive 
ays Ses Bar 
Vv 
Vv (See. 
aa Cate 
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A ke wegalire 
759 ee See 
Shunt Goils 
a FP 
a * Tol twoter 
‘A = Ammeter- : : 
| RR = Regulating resistance of shunt coil, disconnected 
“ek. - rr for series 


; only read up to .7 of anvolt, so a resistance was put in se-~ 


jries with it to raise the reading. The original resistanca 
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In working up the tests the mean of the several 


|} Steam condensed per hour. The areas of the cards were 


| eds Then for each side a mean area and a length was ob- 


tained as in the general readings: i,e., the mean of the 


* 


| first and last being counted as one value, and a mean ordi- 
nate obtained. Then the mean ordinate for the head and 
orank end were added together and multiplied by the scale 
of the spring, Then from the formula F&A} we got the 
See 8 Hy 


horse-vower. 


P = sum of both ordinates * scale of springs: 


length of stroke in feet: 


tt 


area of piston in inches; 


i} 


| iF 
ben ng 
, N = number of revolutions per minute. 
fo find the watts, we multiply the bel ed eect true 


amperes. 


‘We get electrical horse~power by dividing by 746 
YxA : 


| readings were taken, the mean of the first and last reading 
| being taken as one reading. The total of the net water us- 


| ed divided by the number of hours the test was run gave the 


| found by means of a planimeter and the lengths were neasur- 
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and the commercial efficiency = ai 

The steam condensed ver I.H.P. hour wind per kilo. watt 
hour was then obtained by dividing the water actually used 
by the number of I.H.P or the number of kilo watts: 


ae ; Kilo watt = 1000 watts 
{found the vercentase of moisture in the steam as: follows: 


| suverheated as shown by the Lower thermometer, the auality 
jof the steam is: 


¥, =a, #0, ¢ .48(7 sup - T sat) - y. 


ty 
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In this equation US are obtained from a knowledge o 
| the ganze pressure. The subscripts # are obtained froma 
Paeewiedse-of the barometer pressure and fT sup ‘is obtained 
from the temperature of the lower thermometer + the differ- 


}enee in temperature between that corresponding to the gauge 


land the upper thermometer. This°is the’ loss due to radia- 


i Akdiieen the gauge and upper thermometer values that the ra- 


‘From the values obtained: on the Farrws calorimeter we 


|We have often shown that when the steam enters the atmospnhere 


| 
I.  -In the tests made by me there was such’ a discrepancy 


diation results were thrown out and a separate test was run 


| with the calorimeter to find the radiation from the lower 
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|] load. It was shown last year that this was not excessive 


|| on this dynamo; therefore, no trial was made this year for 


\thermometer. It was: found to be 18.2° degrees: (see nage 50 


this was therefore: added to the mean of the lower thermometer 


|the econony of the engine. (Therefore, the total condensed 
Iiiersused:was:naltiplied:by>x; to find the water usefully 
‘used. in working up the losses the mean current for a 

| test was taken and squared; this was then multipliéd-by the. 
| peSistance of the series field, then multiplied ty the re~ 


sistance of the armature. .The resistance’of. the shunt coil 


‘stating how much rise in temperature there will be with full 


SS 


readings of each test. 


‘It has been shown’ very well’ (see A S.éM 1894) that 


et 


the heat carried in by the entrained. water performs no useful 


work and, therefore, should not enter into'a calculation. of 


I 
| 


which was obtained by dividing. the: impressed :B:-M F by the 


cu rent in the field=- was equal to R, the resistance of 


Me ehant field. This was. then multiplied x C® 


all in watts. 


‘In builders’ svecifications there is often a clause 


temperature rise. 


The Losses in watts in the series, shunt and arma- 


the machine. The indicated horse-power was then multiplied 


| * 746 to change it to watts: then the other values were sub- 


| tracted and the result equaled the losses due to’ friction, 


j 
‘ 
| 


}eddy currents and hysterises. 


‘A number of curves are shown, one beings the calibra- 
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i) 


abscissa and-ordinates are true readings. -A-curve between 
| 1.H.P. and lbs. of water per. I.H.P.. per hour is given on 
page 27. A similar curve between kilo watts and lbs; of wa 
- Sat watt ver hour is given on page 38. Also a 
Lee. 


‘Curve between K. i. output and losses, page 29. Then there 
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hoe 


®he results obtained from the tests carried out were 
‘much better than I ever could have hoved for. ‘The water 
‘consumption decreased in proper ratios, the commercial effia 
ieney is quite fair and the calorimeter results ate passablé 
ME feeds -nere really excellent throughout. Friction, hys- 


) terises and eddy currents were not separately determined, as 


this would have entailed an excessive amount of work. ‘The 


fof ammeter #26 is given on page 96, Amperes are given as | 
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